The taxonomy of Talaromyces rugulosus, T. wortmannii and closely related species, classified in Talaromyces sect. Islandici, is reviewed in this paper. The species of Talaromyces sect. Islandici have restricted growth on MEA and CYA, generally have yellow mycelia and produce rugulosin and/or skyrin. They are important in biotechnology (e.g. T. rugulosus, T. wortmannii) and in medicine (e.g. T. piceus, T. radicus). The taxonomy of sect. Islandici was resolved using a combination of morphological, extrolite and phylogenetic data, using the Genealogical Concordance Phylogenetic Species Recognition (GCPSR) concept, with special focus on the T. rugulosus and T. wortmannii species complexes. In this paper, we synonymise T. variabilis, Penicillium concavorugulosum and T. sublevisporus with T. wortmannii, and introduce four new species as T. acaricola, T. crassus, T. infraolivaceus and T. subaurantiacus. Finally, we provide a synoptic table for the identification of the 19 species classified in the section. 
INTRODUCTION
Penicillium s.l. is an important group of molds associated with a wide range of habitats, where it acts as degraders of organic material (Pitt 1980 , Frisvad & Samson 2004 . Penicillium subg. Biverticillium species are phylogenetically resolved in a wellsupported monophyletic clade together with the teleomorphic genus Talaromyces, distinct from other Penicillium subgenera (LoBuglio et al. 1993 . Following the recent move to single name nomenclature in fungi, Samson et al. (2011) subsequently combined all accepted species belonging to Penicillium subg. Biverticillium into Talaromyces. Yilmaz et al. (2014) , using a polyphasic approach, accepted 88 species in Talaromyces and based on a multi-gene phylogeny classified them into seven sections. One of these sections is sect. Islandici and this section is in the focus of this study.
Talaromyces sect. Islandici includes species that grow restrictedly on most media, have predominately yellow mycelia, and produce characteristic mycotoxins. Previously, Pitt (1980) introduced the Penicillium sect. Simplicium ser. Islandica for species which grow restrictedly on malt extract agar (MEA) and Czapek yeast extract agar (CYA) 
. He included T. brunneus, T. erythromellis, T. islandicus, T. loliensis, T. piceus, T. primulinus, T. rugulosus and T. variabilis.
However, a multi-gene phylo geny showed that T. erythromellis and T. primulinus are located in sect. Trachyspermi and Talaromyces, respectively (Yilmaz et al. 2014) and that the remaining species were included in sect. Islandici (Yilmaz et al. 2014 ).
This group of species typically produces rugulosin and/or skyrin (except for T. scorteus) (Yilmaz et al. 2014) . Rugulosin is a bisanthraquinoid pigment described by Breen et al. (1955) with a specific antibacterial activity against Staphylococcus aureus and moderate activity against the parasitic fungus-like Chromistan Pythium intermedium. Rugulosin was also indicated as a weak hepato-carcinogen (Ueno et al. 1980) . A recent study showed that rugulosin extracted from T. radicus had antimicrobial activity against methicillin resistant S. aureus (Yamazaki et al. 2010a-c) . Even though it has been classified as a mycotoxin, erythroskyrin was also reported to be an antitumor agent (Kenkyusho 1983) . Rubroskyrin and flavoskyrin are also classified as toxins (Kawai et al. 1984 , Mori et al. 1996 and are produced by some sect. Islandici species. The rugulovasines (Antipova et al. 2008 ) were referred to as mycotoxins but toxicity data are scarce (Cole & Cox 1981) .
Talaromyces sect. Islandici includes important enzyme producers such as T. wortmannii (= T. variabilis) producing urethanase (Zhou et al. 2013) and T. rugulosus producing beta-rutinosidase and phosphatase (Reyes et al. 1999 , Narikawa et al. 2000 . Talaromyces wortmannii also produces high concentrations of uncharacterised bioactive natural compounds. Bara et al. (2013) showed that six compounds isolated from T. wortmannii exhibited antibacterial activity, predominantly directed against S. aureus, including (multi) drug-resistant isolates. However, other Gram-positive bacteria such as Streptococcus, Enterococcus and Bacillus were only moderately affected (Bara et al. 2013) . Several compounds were isolated from T. wortmannii by Pretsch et al. (2014) . A metabolite labelled as Compound C was found an effective antimicrobial against Propionibacterium acnes and had anti-inflammatory properties (Pretsch et al. 2014) . It was thus suggested that this substance, or the crude extract, could represent alternative treatments for antibiotic/ anti-inflammatory therapy for acne (Pretsch et al. 2014 ).
Some species of Talaromyces sect. Islandici may be potential opportunistic pathogens because of their ability to grow at 37 °C and higher (Yilmaz et al. 2014) . Previous studies reported that T. piceus caused fungaemia (Horré et al. 2001 ) and rib osteomyelitis in an X-linked chronic granulomatous disease (X-CGD) (Santos et al. 2006) . Talaromyces radicus caused a fatal infection in a German shepherd (de Vos et al. 2009 ). Corneal ulcer 
Morphological analysis
Macroscopic characters were studied on different media and growth conditions. Cultures were plated onto Czapek yeast extract agar (CYA), CYA supplemented with 5 % NaCl (CYAS), yeast extract sucrose agar (YES), creatine sucrose agar (CREA), dichloran 18 % glycerol agar (DG18), oatmeal agar (OA) and malt extract agar (MEA; Oxoid malt). The isolates were inoculated at three points on 90 mm Petri dishes and incubated for 7 d at 25 °C in darkness. All media were prepared as described by Visagie et al. (2014b) . Additional CYA plates were incubated at 37 °C for 7 d in darkness. The isolates growing at 37 °C, were also incubated at 40 °C for 7 d in darkness. After incubation, the colony diameters on the various media were measured. The density of sporulation, obverse and reverse colony colours and the production of soluble pigments were noted. Colony colour codes refer to Kornerup & Wanscher (1967) . Colonies were photographed with a Canon EOS 400D. Species were characterised microscopically by preparing slides from MEA. Lactid acid was used as mounting fluid. Specimens were examined using a Zeiss AxioSkop2 plus microscope, and the NIS-Elements D software package from Nikon was used for capturing photographs and taking measurements.
Extrolites
Extrolites were extracted from fungal strains grown on CYA and YES at 25 °C for 7 d. In some cases, extractions were made from strains also grown on MEA and OA at 25 °C for 7 d. Three agar plugs of each medium were extracted as described in Nielsen et al. (2011) and Houbraken et al. (2012) . The extracts were analysed by high performance liquid chromatography with diode-array detection (HPLC-DAD) (Frisvad & Thrane 1987) for extracts made before 2011 and by UHPLC-DAD (Houbraken et al. 2012 ) for extracts made after 2011. The eluted compounds were identified by comparing retention time, retention index and UV spectra measured at 200-600 nm. The UV spectra were compared to a database of UV spectra (Nielsen et al. 2011) , and to data from the literature.
RESULTS

Phylogeny
A multi-gene phylogeny, based on four genes, was used to infer the relationships among species in Talaromyces sect. Islandici (Fig. 1) . The aligned concatenated dataset (ITS 583 bp; BenA 482 bp; CaM 541 bp; RPB2 772 bp) had a total length of 2 378 bp. The most suitable model for ML was Kimura 2-para meter (K2)+Gamma distribution (G)+evolutionarily invariable (I) and the most suitable for BI was Genereal Time Reversible (GTR)+I+G. Tree topologies for ML and BI were identical. As such, the tree obtained from ML was used to show the result with both bootstrap support (bs) and posterior probabilities (pp) indicated above branches where support was higher than 80 % (bs) and/or 0.95 (pp) (Fig. 1) . The same applies to phylogenies shown in Fig. 2 and 3 . Based on the phylogeny (Fig. 1) , Talaromyces sect. Islandici contains 19 species, including four caused by T. rugulosus was reported by Swietliczkowa et al. (1984) . Talaromyces islandicus can also grow at 37 °C, but until now has not been isolated from humans. It is more important for agriculture because it produces mycotoxins such as cyclochlorotine, islanditoxin, erythroskyrine and luteoskyrin, which are hepatotoxic agents and also carcinogenic (Uraguchi et al. 1961 , 1972 , Uraguchi 1962 , Ueno & Ishikawa 1969 , Bouhet et al. 1976 , Stark et al. 1978 , Pitt & Hocking 2009 ). This species also causes yellowing of rice in Japan (Saito et al. 1971 , Sakai et al. 2005 , Oh et al. 2008 ).
The diverse range of species in sect. Islandici species, and their importance in medicine, agriculture and biotechnology, make correct identifications crucial. The aim of this study, was thus to complete a multigene phylogenetic study of the section, and apply Genealogical Concordance Phylogenetic Species Recognition (GCPSR, Taylor et al. 2000) by adding to the internal transcribed spacer (ITS) and β-tubulin (BenA) data published in Yilmaz et al. (2014) and studying extrolites produced by the species, with a special focus on the T. wortmannii and T. rugulosus species complexes. The phylogenies resulted in the identification of four unique clades that we describe here as new species. Strains of these four new species mainly originate from a biodiversity study of Fynbos soil, Protea repens infructescences and air, in the Western Cape of South Africa (Visagie et al. 2009 , 2014c , Visagie & Jacobs 2012 . In addition to the multi-gene phylogenies, we compare the morphological characters and extrolite data of the new species with others in the section and provide notes to facilitate their identification. Table 1 .
MATERIAL AND METHODS
Isolates
DNA extraction, PCR amplification and sequencing
DNA extractions were made from isolates grown for 7-14 d on MEA using the Ultraclean TM Microbial DNA isolation Kit (Mo-Bio, Solana Beach, USA) and extracted DNA was stored at -20 °C. The internal transcribed spacers, including the 5.8 S rDNA (ITS), calmodulin (CaM) and RNA polymerase II (RPB2) gene regions were amplified and sequenced using previously described methods (Yilmaz et al. 2014 , Visagie et al. 2014b ). For BenA, primer set T10 and Bt2b (Glass & Donaldson 1995) was used with annealing temperatures of 50 and 52 °C.
Phylogeny
Sequence contigs were assembled in Seqman v. 9.0.4 (DNAStar Inc.). The newly generated sequences were included in a dataset including sequences obtained from Peterson & Jurjević (2013) and Yilmaz et al. (2014) . GenBank accession numbers for sequences used in the phylogenies are listed in Table 1 . The dataset for each gene was aligned using Muscle software included within the MEGA5 software package (Tamura et al. 2011) . The aligned ITS, BenA, CaM and RPB2 data were concatenated in SeaView (Gouy et al. 2010 ) and analysed using Maximum Likelihood (ML) and Bayesian tree Inference (BI). The model for ML was selected based on the Akaike Information (Fig. 2) show that the T. rugulosus complex contains four species. Penicillium tardum and P. chrysitis are synonyms of T. rugulosus, confirming results of Peterson & Jurjević (2013) . Pitt (1980) proposed P. echinosporum as a synonym of T. rugulosus, which we confirm here. Peterson & Jurjević (2013) showed that P. rugulosum var. atricolum is a distinct phylogenetic species and introduced the new combination T. atricola, which is accepted here. We also describe two new species as T. infraolivaceus and T. acaricola. Strains of the latter two species form consistently distinct clades from all other species, which was confirmed by their unique morphological and extrolite characters. Fig. 3 Phylogenetic trees of the ITS, BenA, CaM and RPB2 regions of strains in the T. wortmannii clade. Talaromyces subaurantiacus was chosen as outgroup. Support in nodes is indicated above thick branches and is represented by posterior probabilities (BI analysis) of 0.95 and higher, and/or bootstrap values (ML analysis) of 80 % and higher. Full support (1.00 /100 %) is indicated with an asterisk (*); support lower than 0.95 /80 % is indicated with a dash (-). T = ex type. Blue = isolates previously identified as T. variabilis; red = isolates previously identified as P. concavorugulosum; green = isolate of T. sublevisporus; purple = isolates previously identified as T. wortmannii and a indicates isolates which produce ascomata.
ITS RPB2 CaM BenA
For the T. wortmannii clade, the aligned datasets were 562 (ITS), 406 (BenA), 491 (CaM) and 766 (RPB2) bp long. The most suitable models for ML were T92+G (ITS), K2+G (BenA), K2+G (CaM) and K2+G (RPB2). The most suitable models for BI were GTR+I (ITS), K80+G (BenA), K80+G (CaM) and SYM+I (RPB2). Four previously described species are resolved in the T. wortmannii clade (Fig. 3) ) is resolved within a clade of T. wortmannii for ITS. These switching positions of strains result in the only consistent branch being the one supporting the entire clade. Because this result was considered strange, DNA was extracted and strains resequenced in order to confirm the result obtained. As such, under GCPSR, strains from these four species are considered to belong to the same species. This is confirmed by our morphological studies, where conidiophores of T. sublevisporus and T. wortmannii (previously known for their teleomorphs) are identical to that of P. concavorugulosum and T. variabilis. Extrolite data also supports this. Penicillium wortmannii (1903) represents the oldest name in the clade and as a result we synonymise T. variabilis, T. sublevisporus and P. concavorugulosum with T. wortmannii.
Morphology
Species were compared morphologically, with characters distinguishing among species summarised in Table 2 . The most important characters for identification include growth at 37 °C, colony texture, conidial colour, colony reverse, ascomata production and shape of ascospores. The new species identi fied by the phylogenetic analyses, displayed various distinct mor- NG No Growth. * In some isolates centre brown fading into in some isolates reddish yellow, in some isolates greyish orange to orange, in some isolates centre yellowish brown fading into in some isolates olive and in some isolates greyish yellow in some isolates with production of ascomata yellow with dark blonde dots in centre.
A Absent.
P Present.
VW Very Weak. phological features. Descriptions and distinguishing characters for each of the new species are presented below in the taxonomy section.
Strains from the T. wortmannii clade were compared morphologically (Fig. 4, 5) . In our study, the only strains that produced the characteristic yellow ascomata were CBS 137376, CBS 319.63, CBS 293.53 and CBS 391.48 T (Fig. 4) . Ascospores of these strains are generally rough-walled. However, CBS 137376 T , previously described as T. wortmannii var. sublevisporus (Yaguchi et al. 1994) , produces smooth to finely roughened ascospores (Fig. 5) . Yaguchi et al. (1994) mentioned that other characters of T. wortmannii var. sublevisporus and T. wortmannii were almost identical and this is clear from colony characters shown in Fig. 4 . Some strains in the clade lacked ascomata and only produced conidiophores. This was typically of strains previously identified as P. concavorugulosum and T. variabilis. Abe (1956) never provided a Latin diagnosis for P. concavorugulosum species and did not make type material available. As such we synonymise this invalid name based on many strains received from other collections identified as P. concavorugulosum by their extrolite profiles. Strains of T. wortmannii characteristically produced rugulovasines, rugulosins, skyrin, wortmannilactones E, F, G and H, and mitorubrins. These exometabolites were found in several strains of isolates formerly identified as either Penicillium variabile (= T. variabilis), P. concavorugulosum or T. wortmannii.
TAXONOMY
Talaromyces acaricola Visagie, Yilmaz & K. Jacobs, sp. nov.
-MycoBank MB810899, Fig. 6 ITS barcode. JX091476. Alternative markers. JX091610 (BenA), JX140729 (CaM), KF984956 (RPB2).
Etymology. Latin (acarus = mite), acaricola: meaning resident on mites, in reference strains isolated from mites inside Protea repens infructescences. Colony characters -CYA, 25 °C, 7 d: Colonies raised in the centre, concentrically sulcate; margins narrow (1 mm), low, entire, plane; mycelium white and yellow; texture velvety, in some isolates centre floccose; sporulation moderately dense; conidia en masse dull green to dark green (28E4 -28F4); exudates absent; soluble pigment absent; reverse centre greyish green (1C4) fading into greyish yellow (1B4). MEA, 25 °C, 7 d: Colonies slightly raised in the centre, crateriform, sulcate; margins narrow (1 mm), low, entire, plane; mycelium white and yellow; texture velvety to floccose; sporulation moderately dense to dense; conidia en masse dull green (26D4 -27D4); exudates absent; soluble pigment absent; reverse centre olive (1E4-1E5) fading into brownish yellow (5C7-5C8). YES 25 °C, 7 d: Colonies raised at centre, crateriform; margins narrow (1 mm), low, entire, plane; mycelium white and in some isolates yellow; texture velvety and floccose; sporulation sparse to moderately dense; conidia en masse dull green (27D4-27E4); exudates clear or yellow droplets (except CBS 137367 and CBS 137374); soluble pigment absent; reverse light yellow to greyish yellow (4A5 -4B5), centre greyish green (1C4) in some isolates. DG18, 25 °C, 7 d: Colonies raised in the centre, crateriform, sulcate; margins narrow (1 mm), low, entire, plane; mycelium white and yellow; texture velvety, centre floccose in some isolates; sporulation dense; conidia en masse greyish green to dull green (25C4 -25C5 to 25D4 -25D5); exudates absent; soluble pigment absent; in some isolates reverse centre greyish green (1C5-1D5), in others reddish yellow to greenish yellow (4A6 -4B6), fading into light yellow to greyish yellow (1A5-1B5). OA, 25 °C, 7 d: Colonies low, plane; margins narrow (1-2 mm), low, entire, plane, in some isolates with yeast like slimy margins; mycelium white and yellow; texture velvety and loosely funiculose; sporulation dense; conidia en masse greyish green to dull green (27C4-27C5 to 27D4-27D5); exudates absent; soluble pigment absent; reverse yellow to greenish yellow. CREA, 25 °C, 7 d: Acid not produced.
Micromorphology -Conidiophores biverticillate, a minor proportion with subterminal branches; stipes smooth-walled, 40 -160 × 2 -3 µm, branches 2 -3 per stipe, 14 -22 × 2-3 µm; metulae 3 -5, 7.5 -12 × 2 -3 µm; phialides acerose to ampulliform, 3 -5 per metulae, 6.5 -9.5 × 2-3 µm; conidia rough-walled, sometimes forming ridges, ellipsoidal, 2.5-5.5 × 2 -3 µm.
Extrolites -Talaromyces acaricola produces mitorubrins, rugulosin, skyrin, ukulactones and a polar metabolite with a chromophore similar to calbistrins.
Distinguishing characters -Talaromyces acaricola is characterised by typically floccose colonies especially on CYA and YES. The phylogenies resolve T. acaricola in the T. rugulosus complex (Fig. 2) , closely related to T. rugulosus, T. atricola and T. infraolivaceus (Fig. 2) . Talaromyces acaricola differs from T. rugulosus by the production of lightly coloured conidia en masse and MEA colonies that are more floccose in T. acaricola compared to the velvety colonies of T. rugulosus. It differs from T. infraolivaceus by greyish green or greyish yellow rather than dark olive reverse pigmentation and grows faster than T. atricola on most media. Colony characters -CYA 25 °C, 7 d: Colonies low, plane; margins narrow (1 mm), low, entire, plane; mycelium white and predominately pale yellow; sporulation moderately dense to dense, especially in the centre; texture velvety to funiculose, conidiophores borne from aerial hyphae especially in the centre; conidia en masse dull green (25D4); exudates absent; soluble pigment absent; reverse pale yellow (4A3), in some isolates the centre greyish orange (5B3-5B4). MEA, 25 °C, 7 d: Colonies slightly raised in the centre, slightly concentrically sulcate and crateriform; margins narrow (1 mm), low, entire, plane; mycelium white and predominately yellow; sporulation none to sparse (very difficult to determine the conidia colour); texture floccose; exudates absent; soluble pigment absent; reverse brownish yellow (5C7-5C8). YES, 25 °C, 7 d: Colonies slightly raised in the centre, slightly crateriform and very slightly sulcate; margins narrow (1-2 mm), low, entire, plane; mycelium white and yellow; sporulation sparse to moderately dense; texture floccose; conidia en masse dull green (25D4-26D4); exudates small and clear droplets; soluble pigment absent; reverse butter yellow (4A5). DG18, 25 °C, 7 d: Colonies slightly raised in the centre, slightly sulcate; margins narrow (1 mm), low, entire, plane; myce-lium white; sporulation none, not enough to determine colour; texture floccose; exudates absent; soluble pigment absent; reverse yellowish white and in some isolates greenish grey (1A2 and sometimes 1B2). OA, 25 °C, 7 d: Colonies low, plane; margins narrow (1 mm), low, entire, plane; mycelium white and predominately yellow; sporulation moderately dense to dense, especially in the centre; conidia en masse dull green (29E3-29E4); texture floccose and funiculose, conidiophores borne from aerial hyphae especially in the centre; exudates small and clear droplets; soluble pigment absent; reverse very pale light yellow, in some isolates centre dark green. CREA, 25 °C, 7 d: Acid production generally absent, in some isolates very weak acid production (CBS 137380).
Talaromyces crassus
Micromorphology -Conidiophores biverticillate, a minor proportion with subterminal branches; stipes smooth-walled, 130 -390 × 2.5 -3.5 µm; branches 2 -3 per stipe, 13 -17 × 2.5 -3.5 µm, metulae 3 -6, 9.5 -14 × 2.5 -3 µm; phialides acerose, number per metulae 3-6, 8.5-11.5 × 1.5-2.5 µm; conidia smooth-walled, ellipsoidal, 2 -3 × 1.5-2.5 µm.
Extrolites -The ex-type isolate CBS 137381 T , CBS 137379 and CBS 137380 only produced mitorubrins.
Distinguishing characters -Talaromyces crassus has restricted growth on most media, similar to other sect. Islandici species. Colonies are characteristically deep and consist of light yellowish mycelia that produce a fluffy texture. It cannot grow at 37 °C. Based on the multi-gene phylogeny, T. crassus is closely related to T. tratensis and the recently described T. yelensis (Visagie et al. 2014a) (Fig. 1) . Morphologically all three species produce deep, fluffy yellow colonies. However, T. tratensis produces ascomata and spiny ascospores, which are absent in T. crassus and T. yelensis. Talaromyces yelensis is able to grow at 37 °C (14-16 mm), distinguishing it from T. crassus. Visagie, Yilmaz & K. Jacobs, sp. nov. -MycoBank MB810901, Fig. 8 ITS barcode. JX091481. Alternative markers. JX091615 (BenA), JX140734 (CaM), KF984949 (RPB2).
Talaromyces infraolivaceus
Etymology. Latin, infraolivaceus: meaning below olive, in reference to the olive reverse of colonies. Colony characters -CYA 25 °C, 7 d: Colonies slightly rais ed at centre, crateriform, radially sulcate; margins narrow (1 mm), low, entire, plane; mycelium white and very pale yellow; sporulation dense; texture velvety and loosely funiculose at centre, conidiophores borne from aerial hyphae especially in the centre; conidia en masse dull green (26D4 -26E4 -27E4); exudates absent; soluble pigment absent; reverse centre olive brown (4F5) fading into golden brown to light brown (5D7). MEA 25 °C, 7 d: Colonies slightly raised at centre, sulcate and in some isolates crateriform; margins narrow (1 mm), low, entire, plane; mycelium white and very pale yellow; sporulation moderately dense to dense; texture velvety and loosely funiculose, conidiophores borne from aerial hyphae especially in the centre; conidia en masse dull green (26D4-26E4-27E4); exudates absent; soluble pigment absent; reverse centre olive brown (4F5) fading into golden brown to light brown (5D7). YES 25 °C, 7 d: Colonies raised at centre, crateriform, sulcate; margins narrow (1-2 mm), low, entire, plane; mycelium white and very pale yellow; sporulation dense; texture velvety; conidia en masse dull green (26D4 -26E4 -27E4); exudates absent; soluble pigment absent; reverse centre olive brown (4F3-4F4 to 4D5 -4E5). DG18, 25 °C, 7 d: Colonies raised in the centre, in some isolates crateriform, sulcate; margins narrow (1 mm), low, entire, plane; mycelium white and very pale yellow; texture loosely funiculose, conidiophores borne from aerial hyphae especially at centre; sporulation sparse to dense (CBS 137392, CBS 137389); conidia en masse dull green (26E4-27E4); exudates absent (except CBS 137391); soluble pigment absent; reverse centre olive brown (4F5) fading into golden brown to light brown (5D7). OA 25 °C, 7 d: Colonies low, plane; margins narrow (1-2 mm), low, entire, plane; mycelium white and very pale yellow; sporulation dense; texture velvety and loosely funiculose; conidia en masse dull green (26D4 -26E4 -27E4); exudates absent and in some isolates small clear droplets; soluble pigment absent; reverse brownish olive green fading into brownish yellow. CREA, 25 °C, 7 d: Acid generally not produced, some isolates weakly positive (CBS 137385 T and CBS 137389).
Micromorphology -Conidiophores biverticillate, a minor proportion terverticillate and with subterminal branches; stipes smooth-walled, 12-100 × 2-3 µm, branches 2-3 per stipe when present, 11-15 × 2-3 µm; metulae 4-6, 7.5-11.5 × 2-3 µm; phialides acerose to ampulliform, 3-4 per metulae, 7-10 × 1.5-2.5 µm; conidia rough-walled, sometimes in ridges, ellipsoidal, 2.5 -4 × 1.5-3 µm.
Extrolites -Isolates in this species produce mitorubrins, viomellein, vioxanthin and xanthomegnin. This is the first report of production of the xanthomegnin in Talaromyces. Xanthomegnins have formerly been found in Penicillium spp., Aspergillus spp., Trichophyton spp. and similar genera. In addition, CBS 137389 and CBS 137385
T produce a compound suggesting a polar calbistrin.
Distinguishing characters -Talaromyces infraolivaceus is characterised by a consistent production of deep olive reverse on most media. Based on the phylogenies, T. infraolivaceus is resolved in the T. rugulosus complex (Fig. 1) , closely related to T. rugulosus, T. atricola and T. acaricola (Fig. 2) . Talaromyces infraolivaceus differs from T. rugulosus by the production of lightly coloured conidia en masse and MEA colonies that are more floccose. The most distinct feature, however, is the dark olive reverse on most media. This dark reverse was not observed in any other species from this clade. Visagie, Yilmaz & K. Jacobs, sp. nov. -MycoBank MB810902, Fig. 9 ITS barcode. JX091475. Alternative markers. JX091609 (BenA), JX140728 (CaM), KF984960 (RPB2).
Talaromyces subaurantiacus
Etymology. Latin, subaurantiacus: named in reference to the light orange mycelium produced by this species. Diagnosis -Colonies CYA 16-18 mm, MEA 20-21 mm, CYA at 37 °C 7 mm. Acid not produced. Colonies produce orange mycelia on MEA and CYA. Conidiophores biverticillate; phialides acerose; conidia finely rough-walled, ellipsoidal, 2-3 × 2-2.5 µm. Colony diam, CYA 37 °C 7; Colony characters -CYA 25 °C, 7 d: Colonies raised at centre, crateriform; margins very narrow (1 mm), low, entire, plane; mycelium white and pale yellow to light orange in the centre; texture floccose; sporulation sparse; conidia en masse dull green (26D4 -26E4 to 27D4 -27E4); exudates absent; soluble pigment absent; reverse yellowish brown to dark brown (5F5-6F5). MEA 25 °C, 7 d: Colonies low, sulcate; margins very narrow (1 mm), low, entire, plane; mycelium white and pale light orange in the centre; texture floccose; sporulation moderately dense; conidia en masse dull green (26D4 -26E4 to 27D4 -27E4); exudates absent; soluble pigment absent; reverse brown (6E5-6E6). YES 25 °C, 7 d: Colonies raised at centre, crateriform; margins very narrow (1 mm), low, entire, plane; mycelium white; texture floccose; sporulation moderately dense; conidia en masse dull green (26D4 -26E4 to 27D4 -27E4); exudates absent; soluble pigment absent; reverse yellowish brown (5E4) in the centre fading into greyish yellow (4B4). DG18 25 °C, 7 d: Colonies, slightly raised at centre, slightly sulcate; margins very narrow (1 mm), low, entire, plane; mycelium white; texture velvety and in the centre floccose; sporulation moderately dense; conidia en masse greyish green to dull green (27E4 -27E5); exudates absent; soluble pigment absent; reverse greyish orange to brownish orange (6B4 -6C4) in the centre, fading into light yellow to greyish yellow (3A5-3B5). OA 25 °C, 7 d: Colonies low, plane; margins very narrow (1 mm), low, entire, plane; mycelium white and yellow; texture velvety and in the centre floccose, conidiophores borne from aerial hyphae; sporulation moderately dense; conidia en masse dark green (25F5); exudates absent; soluble pigment absent; reverse bright orange yellow. CREA, 25 °C, 7 d: Acid not produced.
Micromorphology -Conidiophores biverticillate; stipes smooth-walled, 50-285 × 2.5-3.5 μm; metulae 3-6, 9-13 × (Raper & Fennell 1948) P. rotundum T. rotundus T. rotundus T. rotundus T. rotundus P. rugulosum (Thom 1910) P. rugulosum P. rugulosum T. rugulosus T. rugulosus T. rugulosus P. echinosporum (Nehira 1933) not studied P. rugulosum T. echinosporus not studied T. rugulosus P. tardum (Thom 1930) P. tardum P. rugulosum T. rugulosus T. rugulosus T. rugulosus P. elongatum (Bainier 1907) P. tardum P. rugulosum T. rugulosus not studied T. rugulosus P. chrysitis (Biourge 1923) P. rugulosum P. rugulosum T. rugulosus T. rugulosus T. rugulosus P. scorteum (Takedo et al. 1934 2-3.5 µm; phialides acerose, 3 -6 per metulae, 8.5 -11 × 2-3 µm; conidia finely rough-walled, ellipsoidal, 2 -3 × 2 -2.5 µm. Extrolites -Talaromyces subaurantiacus produces rugulovasine and an azaphilone extrolite related to sclerotiorin.
Distinguishing characters -Talaromyces subaurantiacus grows restrictedly on agar media, especially on CYA. Based on the multi-gene phylogeny, T. subaurantiacus is closely related to T. wortmannii (Fig. 1) . However, orange mycelia, floccose texture on MEA and more appressed conidiophores distinguish the new species from T. wortmannii.
DISCUSSION
In this study we revised the taxonomy of Talaromyces sect. Islandici, a group easily recognised by its slow or restricted growth and conspicuous yellow aerial mycelium, using morphology, phylogeny (under GCPSR) and extrolite data. Based on our GCPSR results, sect. Islandici includes 19 species, including the four new species. These include T. acaricola with its typically floccose colonies on CYA and YES, T. crassus producing the typical deep, fluffy colonies with abundance of yellowish mycelia but unable to grow at 37 °C, T. infraolivaceus with a unique deep olive reverse on most media, and T. subaurantiacus with its generally restricted colonies, especially on CYA. The distinguishing characters for all accepted species are listed in Table 2 .
Most species of sect. Islandici produce the mycotoxins rugulosin and/or skyrin, the only exceptions being T. subaurantiacus, T. scorteus and T. infraolivaceus, which seem to have lost the ability to produce these bisanthraquinones during their evolution. However, T. infraolivaceus has acquired/retained the ability to produce xanthomegnin, viomellein and vioxanthin, which are absent in all other Talaromyces species. Rugulosin/skyrin are only produced by species in this section and not in other Talaromyces species ), except for T. rubicundus (Reenen-Hoekstra et al. 1990 ). The azaphilones known as mitorubrins are produced by nearly all species of Talaromyces but are not produced by T. subaurantiacus, T. rotundus and T. columbinus.
Generally speaking, species able to grow at body temperature (37 °C) can be considered a risk as opportunistic pathogens. Talaromyces allahabadensis, T. columbinus, T. islandicus, T. piceus, T. radicus, T. subaurantiacus and T. yelensis are able to grow at 37 °C and some strains of T. wortmannii and its synonyms T. variabilis, T. sublevisporus and P. concavorugulosum. Talaromyces piceus, T. columbinus and T. radicus are able to grow at 40 °C (Table 2) . Some opportunistic pathogen cases for T. piceus and T. radicus have been previously reported (Horré et al. 2001 , Santos et al. 2006 , de Vos et al. 2009 ).
Previous studies showed a close relationship between T. wortmannii, T. variabilis, T. sublevisporus and P. concavorugulosum , LoBuglio et al. 1993 , Hocking et al. 1998 , Yilmaz et al. 2014 . Hocking et al. (1998) revealed a very high similarity between T. variabilis and T. wortmannii by using a RAPD-PCR (random amplification of polymorphic DNA). Frisvad et al. (1990) and Yilmaz et al. (2014) showed that these species have many metabolites in common. Peterson & Jurjević (2013) , using an RPB2 phylogeny of only ex-type strains, considered these four species distinct, but hinted that additional analyses of more isolates and more loci were required to establish a robust phylogeny for this complex. We provide this phylogeny here applying GCPSR and reveal that P. concavorugulosum, T. sublevisporus and T. variabilis should be considered synonyms of T. wortmannii (Fig. 3) . In Fig. 3 , it is clear that ascosporic and non-ascosporic strains are mixed within the different clades. Furthermore, Raper & Thom (1949) reported that T. variabilis (= P. variabile) strains such as NRRL 2125 were received as non-ascosporic cultures, but after numerous transfers, yellow ascomata developed in colonies after three to four weeks. According to the International Code of Nomenclature for algae, fungi and plants (ICN), after 2011, priority is given to the oldest name irrespective of whether the species was described as an anamorph or teleomorph (McNeil et al. 2012) . In this case P. wortmannii, described by Klöcker (1903) , is the oldest name in the clade. Talaromyces wortmannii was later introduced for the sexual state of P. wortmannii (Benjamin 1955 Pitt (1980) considered P. rugulosum var. atricolum, P. scorteum, P. concavorugulosum and P. phialosporum to be synonyms of T. rugulosus. However, Peterson & Jurjević (2013) showed that P. scorteum and T. phialosporus are the same species, with P. scorteum an older name, and hence the name T. scorteus was introduced. Peterson & Jurjević (2013) showed that P. rugulosum var. atricolum is not a synonym of T. rugulosus and introduced the new combination T. atricola. Pitt (1980) (Fig. 2) . Described species and associated taxonomic conclusions of different authors are summarised in Table 3 . Two of the new species, T. infraolivaceus and T. acaricola, are consistently resolved in distinct clades correlating with morphological characters discussed in the taxonomy section.
Talaromyces columbinus was described by Peterson & Jurjević (2013) . They isolated their strains from air samples and corn grits from the USA. One of our strains was isolated from chicken feed from Nairobi, Kenya. Our results confirm Peterson & Jurjević's (2013) findings that the isolate IMI 392509, isolated by Santos et al. (2006) from a human and identified as T. piceus, is in fact T. columbinus. Also, Peterson & Jurjević (2013) considered CBS 102383, which was isolated from a case of fungemia and previously identified as T. piceus, as an isolate of T. columbinus. Both T. piceus and T. columbinus are able to grow at 40 °C and have vesiculate stipes. However, T. columbinus grows faster than T. piceus at 37 and 40 °C. In addition, colonies of T. columbinus have dark brown reverses and soluble pigments on YES, whereas T. piceus has orange to brownish orange reverses and lacks soluble pigments on YES.
Peterson & Jurjević (2013) mentioned problems with the amplification of BenA paralogues when using primer pairs Bt2a & Bt2b or BT2f & T22. In our study, a similar result was observed, with gel-electrophoresis revealing one band with primers Bt2a & Bt2b, but subsequent sequences with mixed electropherograms. As a result, we recommend primer set T10 & Bt2b (Glass & Donaldson 1995) , at annealing temperatures of 50 or 52 °C, for the amplification and sequencing of BenA in this group of species.
